The purpose of this paper is to report choroidal atrophy in a patient with cancer-associated retinopathy who had autoantibodies against the transient receptor potential cation channel, subfamily M, member 1 (TRPM1). A 69-year-old man visited our clinic in July 2010 with complaints of blurred vision and night blindness in both eyes. The full-field electroretinograms were negative type, indicating ON bipolar cell dysfunction. General physical examination revealed small cell carcinoma of the lung, and Western blot of the patient's serum showed autoantibodies against TRPM1. We diagnosed this patient with cancer-associated retinopathy and retinal ON bipolar dysfunction due to anti-TRPM1 autoantibody. We followed him for more than 2 years from the initial visit and his symptoms have not changed. However, consistent with the choroidal hypopigmentation of the fundus, spectral domain optical coherence tomography showed a decrease in choroidal thickness of about one third over a 2-year follow-up period. We suggest that this case of gradually progressive choroidal atrophy was caused by the autoantibody against TRPM1 directly, because TRPM1 is expressed not only on ON bipolar cells but also on melanocytes. These findings indicate that we should be aware of choroidal thickness in patients with paraneoplastic retinopathy who have retinal ON bipolar dysfunction with the anti-TRPM1 antibody.
Introduction
The paraneoplastic retinopathies (PR) are a group of eye diseases characterized by progressive dysfunction of the retina and are caused by an antibody against the protein of a systemic neoplasm. Some PR patients, including those with melanoma-associated retinopathy, have ON bipolar cell dysfunction. [1] [2] [3] [4] The scotopic full-field electroretinograms (ERGs) elicited by bright flash stimuli have a negative-type shape with normal a-wave amplitudes and reduced b-wave amplitudes. The negative-type ERGs resemble those recorded from patients with complete-type congenital stationary night blindness. 5 ERG findings suggest that the retinal ON bipolar cells are affected in patients with melanoma-associated retinopathy. 2, 6 Evidence has been obtained showing that a protein associated with the transient receptor potential cation channel, subfamily M, member 1 (TRPM1) is the antigen for the autoantibody against ON bipolar cells in PR patients. 7, 8 TRPM1, a member of the TRPM subfamily of TRP proteins, is a cation channel expressed on retinal ON bipolar cells. TRPM1 was originally discovered as a melanocyte-specific gene that was silenced in aggressive melanoma cells, but the functional characteristics of this 
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Ueno et al protein in melanocytes have not been fully determined. 9 It was later found to be an ion-conducting plasma membrane channel on retinal ON bipolar cells. [10] [11] [12] We describe a new finding in a PR patient with anti-TRPM1 antibody who had not only ON bipolar dysfunction but also severe choroidal atrophy. The Nagoya University Hospital ethics review board approved this report (approval ID 1131).
Case report
A 69-year-old man visited our clinic in July 2010 with complaints of blurred vision and night blindness in both eyes. Our initial examination found that his best-corrected visual acuity in decimal units was 1.0 in the right eye and 0.6 in the left eye. His refractive error was +3.0 D and +3.5 D for the right eye and left eye, respectively. Full-field rod ERGs were absent and cone-rod mixed responses were the negative type, indicating ON bipolar cell dysfunction (Figure 1 ). From the symptoms and ophthalmic examination, he was suspected of having PR.
A general physical examination revealed small cell carcinoma of the lung and Western blot of the patient's serum showed autoantibodies against TRPM1. We diagnosed this patient with melanoma-associated retinopathy and retinal ON bipolar dysfunction due to TRPM1 autoantibody and have reported his findings in more detail elsewhere. 8 After diagnosis, chemotherapy was started using cisplatin and etoposide combined with radiation for the lung cancer in August 2010. The patient achieved a complete remission, but underwent cranial irradiation in March 2011 to prevent brain metastasis.
We have followed this patient ophthalmologically for more than 2 years since his initial visit and his symptoms have not changed. His best-corrected visual acuity decreased slightly to 0.8 in the right eye and 0.5 in the left eye due to progression of cataracts. His visual field has not constricted and his ERGs have not changed (see Figure 1 ). Rod responses were nonrecordable in 2010 and 2012. The amplitudes for a-wave of conerod mixed maximum response were 240 µV and 220 µV in 2010 and 2012, respectively, and those for b-wave were 150 µV and 120 µV, respectively. The amplitudes of cone response were about 25 µV for the a-wave and 50 µV for the b-wave at both times in 2010 and 2012. The amplitudes of the 30 Hz flicker ERGs were 14 µV in 2010 and 11 µV in 2012. The difference in the ERGs was most likely within the error of measurement and not due to differences in retinal function. However, fundus photographs taken in October 2012 showed diffuse choroidal hypopigmentation in both eyes (Figure 2 ). We also found that the choroidal vessels were more visible than those obtained at the initial examination ( Figure 2 ).
Spectral domain optical coherence tomography (Heidelberg Engineering, Heidelberg, Germany) showed a slight reduction in retinal thickness during the 2 years of follow-up, but the morphological architecture of the retina appeared almost normal at both times ( Figure 3) . Consistent with the choroidal hypopigmentation of the fundus, spectral domain optical coherence tomography showed a marked decrease in choroidal thickness over the 2-year period (Figure 3 
Discussion
We reported a patient with cancer-associated retinopathy whose signs and electronegative ERG did not change but 
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Choroid and anti-trpM1 antibody thickness of the choroid decreased during a 2-year observation period. The natural course of cancer-associated retinopathy with retinal ON bipolar cell dysfunction and melanoma-associated retinopathy has not been fully determined, but one paper reported that symptoms and signs in most patients do not resolve. 4 However, there have been some reports indicating recovery of various components of the ERG after treatment for the neoplasm. [13] [14] [15] These differences may be due to differences in the antigen for the autoantibody.
There have been no reports describing choroidal thickness in PR patients with retinal ON bipolar cell dysfunction.
The choroid provides oxygen and nutrition to the outer retina. Recent advances in optical coherence tomography have enabled clinicians to obtain good quality images of the choroid. 16 A thickening or thinning of the choroid has been reported in several retinochoroidal diseases, including central serous chorioretinopathy, 17 Vogt-Koyanagi-Harada disease, [18] [19] [20] age-related macular degeneration, 21 and chorioretinal inflammatory disorders. 22, 23 However, to the best of our knowledge, this is the first report documenting thinning of the choroid in a patient with cancer-associated retinopathy.
Normal subfoveal choroidal thickness has been reported to be approximately 280 µm. 16 At initial examination, the choroid was slightly thicker than this in our patient, but was still within the normal range. The choroidal thickness then decreased during the 2-year follow-up period. An unexpected finding was that the choroid became thinner by about one third of normal thickness in only 2 years. We suspect that this gradually progressive choroidal atrophy was caused directly by the autoantibody against TRPM1, because TRPM1 is expressed not only on ON bipolar cells but also on melanocytes 9 and the choroid contains many melanocytes. The role of TRPM1 in melanocytes has not been fully determined; however, patients with complete-type congenital stationary night blindness and TRPM1 mutations do not show any detectable choroidal or skin pigment abnormalities, 24 and TRPM1 knockout mice have a normal coat color phenotype. 11 However, downregulation of TRPM1 in the retina and skin has been reported to be associated with 
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Ueno et al the spotting pattern and congenital stationary night blindness in Appaloosa horses, suggesting a role for TRPM1 in melanogenesis. 25 Recent reports show that TRPM1 is involved in the growth and differentiation of melanocytes by regulating ion homeostasis. [26] [27] [28] In our patient, impairment of homeostasis in choroidal melanocytes due to anti-TRPM1 antibodies might have led to choroidal atrophy. However, to determine the exact relationship between the anti-TRPM1 antibody and choroidal melanocytes, in vitro experiments may be needed in the future.
One interesting finding was that the patient had no symptoms, and his best-corrected visual acuity and ERGs did not change significantly. This indicates that the minimum required amount of blood flow was preserved in spite of the choroidal atrophy. There is also a possibility that radiation or chemotherapy caused the choroidal thinning, but there have not been any other reports of choroidal atrophy due to treatment for cancer.
In conclusion, we report a patient with cancer-associated retinopathy and anti-TRPM1 autoantibodies who developed gradual choroidal atrophy over 2 years. The findings in our case indicate that we should be aware of choroidal thickness in PR patients with retinal ON bipolar cell dysfunction and anti-TRPM1 antibodies. Further examination of patients with PR is needed to evaluate the relationship between the anti-TRPM1 antibody and choroidal atrophy.
